Preservation
Food preservation techniques to improve the oxidative stability of fish-based foods are gaining renewed research interest in natural compounds of vegetable origin as valid alternatives to synthetic preservatives. This study was designed to determine the effect of Onion Top Leaves Extract (OTLE) on the chemical and sensory qualities of smoked Heterotis niloticus using four concentrations (0, 0.25, 0.5 and 0.75% w/w) and three storage periods replicated four times in a Completely Randomized Design (CRD). A total of 48 fresh samples of H. niloticus were treated with the different concentrations of OTLE, sundried for three hours and smoked using a modified portable drum kiln designed in the laboratory. The treated smoked samples were packaged in paper envelopes and stored at room temperature for a period of three weeks. The results indicated that OTLE concentration had significantly affected (P<0.05) moisture content, crude protein, crude fibre, nitrogen and total volatile base -nitrogen (TVB-N). The storage period was significantly affected (P<0.05) by OTLE for all tested chemical parameters except carbohydrates, (P>0.05). The results for sensory qualities indicated that after three weeks of storage, OTLE exerted a significant effect (P<0.05) on all sensory qualities tested in the study except general acceptability. The results for merit analysis showed that the samples treated with OTLE concentration of 0.25% ranked better followed by 0.5% while 0.75% recorded the lowest performance. For better optimisation of shelf life, chemical and sensory qualities of smoked H. niloticus, the product can be preserved in 0.25% w/w OTLE and stored for one week at room temperature in paper envelopes.
INTRODUCTION
Fish is highly nutritious, tasty and easily digested. It is much sought after by a broad cross-section of the world's population, particularly in developing countries. It is estimated that around 60 percent of people in many developing countries depend on fish for over 30 percent of their animal protein supplies, while almost 80 percent in most developed countries obtain less than 20 percent of their animal protein from fish (Shiman, 1991) . Technological development in food processing and packaging is ongoing in many countries, with increases in efficient, effective and lucrative utilization of raw materials, and innovation in product diversification (FAO, 2016) . Fish products are comparable to meat and dairy products in nutritional quality, depending on the methods used in preservation and preparation. The protein content of most fish averages 15 to 20 percent. Fish also contains significant amounts of all essential amino acids, particularly lysine in which cereals are relatively poor. Fish protein can be used therefore to complement the amino acid pattern and improve the overall protein quality of a mixed diet. Moreover, the sensory properties of an otherwise bland diet can be enhanced through fish products, thus facilitating and contributing to greater consumption (Balogun, 1992) . Fish is greatly perishable but very important food stuff, especially in third world countries, due to its high protein content and nutritional value of unsaturated fatty matter and affordability by the masses when compared with beef (FAO, 1998; Olatunde, 1998) . The rate of fish spoilage depends on handling during processing, acidity level, species of fish, weather, mode of storage and temperature during transportation (Oladosun et al., 1996) . Chemical breakdown of protein, fat and water contents contribute to quick spoilage of fish. Quality losses might occur very rapidly after catch, especially in hot climates and tropical areas where cold preservation techniques are often missing.
The processes of smoking and drying are the affordable and most widely used methods for fish preservation in Nigeria that dates back to civilization (Oladosun, et al., 1996) , and aimed at preventing or reducing post-harvest losses (Govindan, 1985) . Smoking involves the application of wood smoke to impart a smoky or smoked flavour and to partially dry a fish, or part of fish such as fillets, to produce a smoked fish product and also to extend the shelf life of the product under some conditions. In many parts of the world, preservation is still the main purpose of smoking. Besides enhancing the taste and look, smoking increases the product's shelf life. It helps preserve the meat by slowing down the spoilage of fat and growth of bacteria. Components in the fuel (wood/charcoal) via pyrolysis are broken down in the process of burning to form smoke, which imparts on the fish a unique aroma, improves taste and color of fish (Afolabi, 1984) , largely due to the presence of a range of phenolic compounds, nitrites and formaldehyde present in the smoke (IMPPFA, 2010) . Since the use of synthetic antioxidants has been restricted because of their possible health risks and toxicity and consumers demand for additive-free or natural products, the development of effective natural antioxidants have been investigated in meat products and plant extracts with antioxidant and antimicrobial activities are being studied to prolong the shelf life of meat, fish, poultry, and their products.
Natural antioxidants are currently receiving considerable attention in human nutrition and good starting material is provided by secondary metabolites, such as the polyphenolic compounds present in plants that have been reported to have antioxidant properties. The scientific literature on food preservation techniques to improve the oxidative stability of fish-based foods reports renewed research interest in natural compounds of vegetable origin as valid alternatives to synthetic preservatives. Herbs and spices are traditionally used as food ingredients, as well as for their antioxidant properties. Spices are edible plant materials (leaf in onion and garlic, rhizomes in ginger) that have anti-oxidative, antiseptic and bacterio-statistic properties. They are added to food such as fish and meat to delay the onset of rancidity and reduce microbial proliferation (Eyo, 2001 ). Onion (Allium cepa), garlic (Allium sativum) leek (Allium porrum) and other edible allium are among the oldest cultivated plants, and all belong to family of Alliaceae. Onion is commonly used as spices in Nigeria especially in ground beef, meat ball, and to reduce pathogenic micro -organism. The essential oil from A. cepa may be a new potential source of natural anti-microbial and anti-oxidant agent applied in the food system (Ibrahim, 2010) . Within Aliero community, Kebbi State, Nigeria, H. niloticus is not readily consumed or accepted in its fresh state. The four most popular methods of fish preservation are freezing, canning, smoking and pickling, the major preservation method being pickling or salting, which has been used for centuries. The aim of this study was to assess the effect of onion top leaves extract (OTLE) on the quality and shelf life of smoked H. niloticus. 
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MATERIALS AND METHODS
Study area
The study was conducted in the Fisheries Laboratory of the Kebbi State University of Science and Technology Aliero, Kebbi State located between Lat.12°16′42″N and Long. 4°27′6″E. Most of the people in Aliero are agrarian, with emphasis on onion and pepper. A good number of the people also engage in fishing activities because of the famous Sabiyel lake and the neighbouring Jega river. The town has the largest onion market in northwest Nigeria and is a major producer of onions in Nigeria.
Sample collection
Fresh fish samples of about the same weight (±10g) were bought from fish vendors in Aliero town. The fish were chilled in plastic containers and transported to the Fisheries Laboratory of the Faculty of Agriculture, Kebbi State University of Science and Technology, Aliero, Nigeria. Fresh onion tops were bought from Aliero onion market along Jega-Sokoto road. The onion top leaves were packed in polythene bags and transported to the Fisheries Laboratory. The fish samples were weighed before removing the viscerals and scales, washed thoroughly and dried under the sun.
Preparation of Onion Top Leaves Extract (OTLE)
The onion tops were washed with distilled water and blended using an electrical blender. Three portions (0.25kg, 0.5kg, and 0.75kg) of the blended onion tops were measured out separately and each portion was mixed with one litre of water, shaken vigorously and allowed to stay for 24 hours according to the method of Adu-Adjei et al. (2014) . Each mixture was then filtered through filter paper to obtain 0.25kg/L, 0.5kg/L and 0.75kg/L of the filtrate (crude onion top leave extract), respectively, at room temperature (29 0 C ±1). The extract was kept at ambient temperature.
Treatments and experimental procedure
The treatments consisted of OTLE applied at 0kg/L (control), 0.5kg/L, 0.25kg/L and 0.75kg/L of the fish. Each treatment was replicated four (4) times in a Completely Randomized Design (CRD). The onion top leaves extract was variously applied to each of the four (4) batches of the fish by immersing each batch into each of the solutions for 10 mins and then sun dried for three hours. The treated samples were then separately packaged in paper envelopes and stored at ambient temperature for three weeks according to the methods of Jega et al. (2013) .
Procedure for fish smoking
A modified drum kiln was used for the smoking process. The smoking chamber was separated into 3 compartments using kitchen wire mesh. Firewood was set up in the combustion chamber and then lighted. The fish samples were placed on the mesh in the kiln after weighing and arranged according to treatments. The burning wood was adjusted continuously to maintain the required temperature and smoke in the chamber during the smoking period.
Proximate analysis
The proximate composition of the fish was determined according to the recommended methods of the Association of Official Analytical Chemists (AOAC, 2000) on weight basis.
Estimation of moisture
The initial weight of the samples was taken and the samples were dried in moisture dish in an oven at about 105 o C for about 10 hrs until a constant weight was reached and then cooled in a desiccator and weighed again. The percentage of moisture content was calculated using the following equation: 
Estimation of fat
This was obtained by exhaustively extracting 1.0 g of each sample in a Soxhlet apparatus using petroleum ethyl ether, with boiling point ranging from 40-60 o C, as the extractant. The percentage of fat content was calculated as: % of fat = weight of extract / weight of the sample (g) x 100.
Estimation of protein
One gram of each replicate sample was weighed into digestion tube and one Kjehl tab CU3.5 (catalyst salt) was added into each tube. About 20ml of concentrated sulfuric acid (H2SO4) was carefully added into the tube and then shaken gently before the digestion procedure was carried out. The digested samples were cooled for 10-20 mins and then the distillation procedure was performed using distillation unit and distillate was titrated with 0.025g of sulfuric acid (H2SO4) until the end point changes from green to pink. The percentage of protein content was calculated according to the equation: % of nitrogen = 0.14 x VD x N x 100 x TV / Weight of sample x AD Where; VD = volume of digest, N = Normality of each acid, TV = titrate value, AD =Aliquot of digest
Estimation of ash
The ash content of a sample is the residue left after ashing in a muffle furnace (Gerhardt) at about 550-600 o C till the residue becomes white. The percentage of ash was calculated as follows: % ash = weight of ash/ weight of sample x 100
Sensory analysis
Subjective evaluation of the product quality was carried out by a panel of four (4) judges. A coded sample accompanied by questionnaires was presented to the panelists. Quality attributes studied included taste, texture, colour, and general acceptability. The scoring scale used was a (7) seven point hedonic scale ranging from highly acceptable to highly unacceptable.
Determination of TVB-N
The Total Volatile Base Nitrogen (TVB-N) was determined by extracting the volatile nitrogenous bases from a sample by a solution of 0.6 M perchloric acid. After alkinisation, the extract was submitted to steam distillation and the volatile base components absorbed by an acid receiver. The TVB-N concentration was determined by titration of the absorbed bases.
Data analysis
The data collected was subjected to Analysis of Variance (ANOVA) using SPSS version 16.0 and Duncan's Multiple Range Test (DMRT) was used to separate means where there was significant difference.
RESULTS
Chemical qualities of smoked H. niloticus
Results for chemical qualities of smoked H. niloticus treated with onion top leaves extract (OTLE) according to concentration and storage period are presented in Table 1 . The results indicated that OTLE concentration had a significant effect (P<0.05) on the chemical qualities of smoked H. niloticus. Concentration of the OTLE had significantly affected (P<0.05) moisture content, crude protein, crude fibre, nitrogen and total volatile base -nitrogen (TVBN). Lower moisture content (1.850%) was observed in 0.25% OTLE concentration which was not different from the control (1.883%). High moisture content was observed in 0.75 and 0.50% (2.200 and 2.333, respectively). High crude protein was observed in samples with low OTLE concentration having 29.433, 29.733, 29.742 and 28.417g for 0, 0.25, 0.5 and 0.75%, respectively. The storage period also significantly affected (P<0.05) all tested chemical parameters except carbohydrates. There was a significant interaction (P<0.01) between OTLE concentration and storage period on crude protein and TVBN. Table 2 presents results for sensory qualities of smoked H. niloticus treated with onion top leaves extract according to concentration and storage period. The results indicated that OTLE concentration had no significant effect (P>0.05) on all the tested sensory qualities of smoked H. niloticus. On the other hand, after three weeks of storage, OTLE exerted a significant effect (P<0.05) on all sensory qualities tested in the study except general acceptability which was not significantly different (P>0.05) among the periods of storage. No significant interaction (P>0.01) was observed between OTLE concentration and storage period on all the tested sensory qualities of H. niloticus.
Merit analysis
Merit analysis conducted to evaluate the performance of each treatment based on significant parameters is presented in Table 3 . The results showed that the samples treated with OTLE concentration of 0.25% ranked better followed by 0.5% while 0.75% recorded the lowest performance. In the case of storage period, samples stored for one week had a better performance for both chemical and sensory analysis followed by Week 2 while Week 3 recorded the lowest performance.
DISCUSSION
Related research (Peiretti et al., 2012; Ahmadi et al., 2014) on preservation of fresh fish using plant extracts have shown that the extracts have impressively improved chemical qualities of fish. However, no available information was obtained on the use of OTLE. In the current study, OTLE concentration had significantly influenced the chemical qualities of smoked H. niloticus. Moisture content, crude protein, crude fibre, nitrogen and total volatile base -nitrogen (TVBN) significantly differ among the concentrations of OTLE but lipid, ash and carbohydrates were not significantly influenced by OTLE concentrations. It was observed that increase in OTLE concentration led to high moisture content which might be due to the high water content in the extract and which is detrimental to the shelf life of the product. The moisture content can be used as a pointer to the rate at which deterioration occurred in fish samples resulting in early decomposition (Nahid et al., 2014) . Similarly, increasing OTLE concentration led to increase in crude fiber in the order of 1.517<1.542<1.875<1.958 for 0, 0.25, 0.5 and 0.75% concentration, respectively. TVBN, which is the measurement of shelf life, was better (13.02 mg/100g) at 0.75 % OTLE concentration. The TVB-N of fish is an indicator of the freshness of the raw material (Zhou et al., 2011) . Higher TVBN value was recorded in 0.25% (35.55 mg/100g) which was not desirable. Kirk and Sawyer (1991) suggested a value of 30 to 40 mg N/100 g as the upper limit of acceptability of TVBN for fish.
The storage period was also significantly influenced by OTLE on all tested chemical parameters except carbohydrate. Week one recorded the least moisture (1.575), lipid (0.825) and ash (1.894) contents which are desirable qualities. Similarly, week two recorded the high crude protein (29.475) and low crude fiber (1.500) which is desirable qualities. Week three had the highest crude protein (29.819) and least carbohydrate content (55.881) which are also desirable qualities. Onion top leaves extract (OTLE) concentration had not significantly affected all the tested sensory qualities of smoked H. niloticus. On the other hand, after three weeks of storage OTLE exerted a significant influence on all sensory qualities tested in the study except general acceptability. On the seven point hedonic scale rating, week one of storage recorded better texture (6.437), colour (5.875) and taste (5.938). Week two also recorded good colour (6.062) and taste (5.875) while week three was better in aroma (5.688). Tiamiyu et al. (2012) also reported the least value for colour for onion in their study of the sensory evaluation of smoked H. niloticus using locally available spices (onion, ginger, guinea pepper and garlic). Adu-Adjei et al. (2014) pointed out that aroma gives an indication of the degree of attraction or repulsion of consumers to food substance. However, all the samples were found to be acceptable.
Merit analysis conducted to evaluate the performance of each treatment based on the significant parameters showed that samples treated with 0.25% OTLE concentration ranked first among the treated samples for both chemical and sensory qualities. Similarly, treated samples stored for one week performed better and were ranked first than subsequent weeks suggesting that quality of the samples decreased as the storage period got longer. This was in agreement with Sarah et al. (2010) who reported that all the samples treated with onion juice extract developed off-flavour with increased storage time. Mercola (2014) further stressed that onion contain potent health-promoting flavonoids and phenolics that act as anticarcinogenic, antioxidant and anti-inflammatory agents.
CONCLUSIONS
The study revealed that onion top leaves extract (OTLE) concentration had significantly influenced the chemical qualities of smoked H. niloticus especially crude protein more than the control. After three weeks of storage, OTLE exerted a significant influence on all sensory qualities tested in the study except general acceptability and OTLE concentration of 0.25% ranked first among the treated samples for both chemical and sensory qualities. Similarly, treated samples stored for one week performed better and were ranked first than subsequent weeks suggesting that quality of the samples reduced as the storage period got longer.
